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acceptability of digital radio to the general population. Thus we were interested to know
how the average person with no special training or prior experience in professional audio
would react to PAC. Additionally, a screening procedure was included to ensure that
listeners were sensitive to differences in the quality of Source, PAC, and FM sound-cuts.
In a separate test, participants listened to 18 sound-sample triads (CD Source/FA1IPAC)
in which two trials contained the same sound sample three times (e.g., CD Source/CD
Source/CD Source). In order to pass the screening procedure and take part in the ACR
testing, participants had to reliably and consistently rate the CD Source sound samples as
the same or close to the same (4 or 5 out of a 5 point scale). Of 62 listeners who
participated the study, eight were removed for failing to identify the sound sources as the
same or "similar".

Table 2: Demographic Description

Male Female
18-30 3 5
30-40 11 11
40-50 8 9

4.3 Participant training

MPAC Laboratory participants were given some information about the nature of the
study (e.g., that they would be listening to sound samples and rating them), but were not
told specifically that they were listening to source material, PAC and FM transmissions.
Participants were presented with an example of an ACR trial. Moulton Laboratories
participants were told that they were listening to a range of such signals, but with no
discussion of the sonic or technical nature or behavior of those signals. Samples were
either played over HD-600 headphones (MPAC Laboratory) or Sony MDR 7506
headphones (Moulton Laboratory). MPAC subjects were shown how to register their
answers via a Pc. Moulton Laboratory subjects were shown how to register their
answers on answer-sheets.

4.4 Testing Procedure

Following training, participants proceeded to take the test. Participants listened to 32
sound-samples: 8 FM, 8 PAC, 8 CD Source and 8 CD Source mixed with noise (referred
to as "Source+Noise"). Again, the presentation of samples was randomly determined.
For a single trial, participants heard a single sound sample and rated it on the lTU-R
recommended 5-point "Quality" Mean Opinion Score (MOS) scale (5 =Excellent; 4 =
Good; 3 =Fair; 2 =Poor; 1 = Bad).



All data was analyzed using analysis of variance (ANOVA), with significance at p = .05.
Interactions were analyzed using Neuman-Keuls post-hoc tests, p = .05. A preliminary
analysis showed both an effect of gender and an effect of age. For gender differences,
female subjects rated PAC significantly higher (4.27) than they rated FM (4.01). In
contrast, males rated PAC (4.15) and FM (4.11) as the same. For age differences,
younger participants rated all sound samples significantly lower than older participants,
although there were no significant differences between PAC and FM.·

Figure 1 shows participants' total ACR responses. Overall, PAC and the CD Source
sound cuts were rated the same statistically, with MOS scores of 4.23 and 4.32
respectively. In contrast, FM (4.05) was rated significantly lower than both CD Source
and PAC. Source+Noise was rated significantly lower than all other samples.

Figure 1: Participants' ACR Responses
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Figure 2 shows participants' responses by sound cuts. Notice that in the case of Classical
Female, PAC was rated significantly higher than FM. In all other cases, although not
statistically different, PAC was rated either equal to or slightly better than FM sound
samples.

Figure 2: Participants' ACR Responses
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This report describes procedures and results from a subjective study conducted by Lucent's
Multimedia Perception Assessment Center for Lucent Digital Radio. End-user testing was
conducted between January 19thth and January 21stth, 2000. This study was designed to
solicit Mean Opinion Scores (MOS) from the general public concerning analog FM
transmission under both static and dynamic multipath impaired conditions.

Six FM receivers were included in this study. Two were automobile radios: the Ford Visteon
XWIF-18C870 and the Sony XR-2390 receivers. Three were home receivers: (a) Pioneer
SX-205; (b) Sony CFD-S47; and (c) Denon TU-1500RD. All receivers were selected to
represent a broad range of receivers currently available in the commercial market.

Ninety-six participated in this study. Participants were evenly divided by gender and varied
in age, but were all under the age of 50. Participants were chosen from the general public.
Listening was conducted in sound rooms that were configured to acoustically simulate
extremely quiet environments (28-35 dBA).

All recordings were supplied by Lucent Digital Radio. CD source material was selected to be
representative of typical broadcast material, including both female and male voices and
complex instrumental samples (see Appendix B - Selection of Processing of Audio Samples
for FM analog and FM-ffiOC subjective testing). Female and male speech samples were also
included. Table I lists the RF channel conditions used in this experiment.



Table I: Summary of conditions for FM Impairment Test

Average Signal Strength (dBm) Static Multipath
Condition Condition*

-72.0 ANOI ARFI
-62.0 AN02 ARF2
-54.5 AN03 ARF3
-47.0 AN04 ARF4
-42.0 AN05 ARF5

-32.0 AN06 ARF6
-9.0 DIU CNOI CRFI
-1.5 DIU CN02 CRF2
6.0 DIU CN03 CRF3
18.5 DIU CN04 CRF4
31.0 DIU CN05 CRF5

Output SNR (AWQP)(dB)
55dB ENOl ERFI
45 dB EN02
35 dB EN03 ERF3
25 dB EN04

#r Rural Fast Rayleigh. 13.1 Hz Doppler

"--_.._----,._-.-_."-,._-,,'---,,.,,-----------



Testing of receivers was conducted in round-robin fashion. Because listeners' scores are
typically influenced by all of the sound samples presented in a listening session, it was
important to pair each radio with at least 2 other radios to minimize the risk of obtaining
inflated or deflated scores for a particular radio. Participants were divided into 6 groups, with
each group listening to sound samples received by two radios. Each radio was presented to
two groups. Therefore, 32 participants rated sound-cuts received by each radio. For example,
Group 1 participants listened to sound samples received by the Visteon and the Denon and
Group 2 participants listened to samples received by the Sony XR-2390 and the Denon. Thus,
by combining Group 1 and Group 2's listening experience, a total of 32 participants listened
to samples received by the Denon. Table 2 lists Receivers and Participant Groups.

Table 2: Test Plan

Participant Visteon Sony XR- Pioneer Denon Panasonic Sony
Group XWIF- 2390 SX-205 TU- RF-FX430 CFD-S47

18C870 IS00RD
GrouD 1 (n = 16) x x
GrouD 2 (n = 16) x x
Group 3 (n = 16) x x
Group 4 (n = 16) x x
Group 5 (n = 16) x x
Group 6 (n = 16) x x



Participants were told that they would be listening to sound samples and rating them for
overaWquaiity. Samples were played over Sennheiser HD-600 headphones. Before testing,
participants were given information about the kinds of impairments they would hear during
the test. They listened to three practice samples (a clean audio recording, a moderately
lmpaired audio recording and a highly impaired audio recording) and were shown how to use
the data collection software to register their responses. Participants were encouraged to
concentrate on the "quality of the transmission" when rating each sound sample, and were
discouraged from rating samples based on whether they "liked" the particular genre of music.

Presentation of samples was randomly determined. For a single trial, participants heard a
single sound sample and rated it on the lTU-R recommended 5-point "Quality" Mean Opinion
Score (MOS) scale (5 =Excellent; 4 = Good; 3 = Fair; 2 = Poor, 1 = Bad).

..- -_.--. ..... - ....._---_._...- .-------_.---_._--



Figure 1 shows MOS as a function of signal levels in static conditions. For all receivers,
MOS scores remain consistent between conditions AN06 and AN03. Participants' ratings
begin to drop in the AN02 condition, and are substantially degraded by the ANO1 condition.
Table 3 shows Mean Opinion Scores of static conditions, divided by sound sample.
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Figure 1: ACR Mean Opinion Scores vs. Average RF Signal Level in Static Conditions
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Table 3: ACR Mean Opinion Scores of static conditions by sound sample

Mean Opinion Scores (5=Excellent; 4=Good; 3=Fair, 2=Poor; 1=Bad)
Receiver Condition Classical Classical Classical Rock Rock Rock Total MOS

Instrumental Female Male Instrumental Female Male
Denon AN06 4.31 4.63 4.44 3.5 4.5 4.44 4.30

AN05 4.31 4.35 4.38 3.69 4.29 4.50 4.19
AN04 4.31 4.25 4.10 4.06 4.38 4.44 4.17
AN03 4.19 4.19 4.50 3.38 4.06 4.69 4.27
AN02 4.19 4.25 4.56 3.69 4.00 4.44 4.26
AN01 3.13 2.56 3.63 3.13 2.94 4.19 3.30

Panasonic AN06 4.06 4.18 4.25 3.12 4.44 3.94 3.99
AN05 3.94 4.63 3.94 3.31 4.29 4.44 4.09
AN04 3.94 4.24 4.63 3.59 4.56 3.82 4.12
AN03 4.06 4.63 3.94 3.69 4.35 4.31 4.16
AN02 3.69 3.76 3.94 2.94 3.44 3.53 3.55
AN01 2.47 1.81 2.24 2.25 2.12 2.63 2.25

Pioneer AN06 3.95 4.38 4.18 3.44 4.36 3.88 4.08
AN05 4.06 4.03 4.50 3.36 4.56 4.13 3.99
AN04 3.79 4.56 4.23 3.81 4.10 4.56 4.12
AN03 4.13 3.97 4.44 3.49 4.31 4.03 3.96
AN02 3.54 4.31 4.18 3.81 3.38 4.44 3.84
AN01 3.56 2.23 3.75 3.38 3.00 4.03 3.28

Sony CFD- AN06 4.00 3.58 4.69 3.16 4.31 4.11 3.94
S47

AN05 3.63 4.44 4.16 3.56 4.11 4.31 4.03
AN04 4.00 4.16 4.25 3.47 4.50 4.11 4.07
AN03 3.58 4.38 3.84 3.38 4.00 4.25 3.90
AN02 3.81 3.58 3.88 3.16 3.94 4.00 3.71
AN01 3.26 2.25 3.00 3.38 2.37 3.63 2.97



Figure 2 shows MOS as a function of signal level in rural fast Rayleigh multipath. Receivers
tested in these conditions were the Sony XR-3490 and the Visteon XWIF-18C870. Again,
there is a marked drop in MOS scores between ARF6 and ARFl, especially for Sony. Table 3
shows Mean Opinion Scores of multipath conditions, divided by sound sample.

Figure 2: ACR Mean Opinion Scores vs. Average RF Signal Level in Rural Fast Rayleigh
Multipath
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Table 3: ACR Mean Opinion Scores of Rural Fast Rayleigh Multipath conditions by sound
sample

Mean Opinion Scores I5=Excellent; 4=Good; 3=Fair; 2=Poor; 1=Bad)

Receiver Condition Classical Classical Classical Rock Rock Rock Total MOS
Instrumental Female Male Instrumental Female Male

Sony XR· ARF6 2.44 2.41 2.88 2.94 2.19 3.38 2.70
2390

ARF5 3.19 2.38 3.00 3.75 3.25 3.88 3.24
ARF4 3.06 2.69 3.44 3.69 3.50 4.13 3.42
ARF3 3.19 2.88 4.00 4.00 3.56 4.56 3.70
ARF2 3.31 3.00 3.81 3.56 3.63 4.19 3.58
ARF1 3.25 2.88 3.69 3.81 3.94 4.25 3.64

Visteon XWIF- ARF6 3.13 2.59 3.88 3.18 3.88 3.47 3.35
18C870

ARF5 3.47 3.19 4.18 3.19 4.29 4.25 3.77
ARF4 3.50 3.24 2.75 3.71 3.94 4.12 3.55
ARF3 4.18 2.94 4.35 3.25 4.35 4.50 3.94
ARF2 3.44 2.94 4.00 3.41 4.06 3.88 3.62
ARF1 3.88 2.94 4.41 3.19 4.12 4.63 3.87



Tables 4 and 5 show participants' ratings ofFM sound samples with 1st adjacent channel
interference. Notice that Table 4 does not include multipath interference, whereas Table 5
does. In Table 4, the 4 home receivers are listed; in Table 5 the 2 auto receivers are listed.
Total mean opinion scores are listed in the far-right column.

Table 4: ACR Mean Opinion Scores of conditions with lit adjacent channel interference

Mean Opinion Scores S-Excellent; 4=Good; 3=Fair; 2=Poor; 1=Bad)
Receiver Condition Classical Classical Classical Rock Rock Rock Total MOS

Instrumental Female Male Instrumental Female Male
Denon CNOS 4.38 4.31 4.44 3.81 4.25 4.75 4.32

CN04 3.81 4.38 4.19 3.75 4.06 4.44 4.10
CN03 3.69 3.88 3.75 3.50 3.44 4.06 3.72
CN02 3.25 3.31 4.13. 3.06 3.94 3.81 3.58
CN01 1.88 1.50 1.88 2.00 1.69 1.44 1.73

Panasonic CNOS 4.06 4.69 4.06 3.44 4.12 4.19 4.09
CN04 4.19 4.29 4.63 3.24 4.56 4.00 4.14
CN03 3.76 4.38 4.06 3.44 4.18 4.25 4.01
CN02 3.69 3.53 4.00 3.12 3.19 3.76 3.55
CN01 3.41 2.13 3.18 2.94 2.47 3.44 2.93

Pioneer CN05 4.38 4.00 4.63 3.08 4.63 4.26 4.0C
CN04 3.74 3.94 3.97 3.69 3.95 4.13 3.90
CN03 3.63 2.05 3.88 3.15 2.81 3.90 3.15
CN02 2.46 1.75 1.97 3.19 1.51 3.38 2.21
CN01 1.75 1.36 1.81 2.67 1.31 1.85 1.86

Sony CFD· CNOS 3.68 4.38 4.26 3.69 4.26 4.13 4.07
S47

CN04 3.75 2.68 4.31 3.05 3.75 3.84 3.53
CN03 2.42 2.06 2.21 3.31 1.95 3.75 2.58
CN02 2.56 1.63 2.13 2.74 1.81 2.32 2.20
CN01 1.11 1.06 1.05 1.44 1.11 1.13 1.1,4



Table 5: ACR Mean Opinion Scores of Rural Fast Rayleigh Multipath conditions with
lit adjacent channel interference

Mean Opinion Scores 5=Excellent; 4=Good; 3=Fair; 2=Poor; 1=Bad)

Receiver Condition Classical Classical Classical Rock Rock Rock Total MOS
Instrumental Female Male Instrumental Female Male

Sony XR- CRF5 3.44 3.00 4.31 3.31 3.56 4.19 3.64
2390

CRF4 2.88 3.00 3.50 3.44 3.56 4.06 3.41
CRF3 2.94 2.44 4.06 3.38 3.56 3.56 3.32
CRF2 2.75 2.06 3.19 3.81 2.94 3.69 3.07
CRF1 2.38 1.94 2.31 3.00 2.13 3.13 2.48

Visteon XWIF- CRF5 3.50 3.35 4.25 3.65 2.88 4.00 3.80
18C870

CRF4 3.71 3.19 4.59 3.44 4.00 4.44 3.96
CRF3 3.75 3.24 4.25 3.35 3.81 4.00 3.73
CRF2 3.65 2.63 4.12 3.13 4.35 4.19 3.63
CRF1 3.06 2.82 3.75 3.24 4.06 4.12 3.31



Table 6 shows MOS in signal to noise conditions, divided by individual sound-samples.
Again, total mean opinion scores are listed in the far-right column.

Table 6: ACR Mean Opinion Scores vs. SNR

Mean Opinion Scores 5=Excellent; 4=Good; 3=Fair; 2=Poor; 1~Bad)
Receiver Condition Classical Classical Classical Rock Rock Rock Total MOS

Instrumental Female Male Instrumental Female Male
Denon EN01 4.25 4.38 4.38 3.63 4.25 4.50 4.23

EN02 3.50 3.00 3.25 3.38 3.38 3.94 3.41
EN03 2.50 2.19 2.19 2.75 2.13 2.81 2.43
EN04 2.19 1.44 2.44 2.50 2.56 2.38 2.25

Panasonic EN01 4.19 4.06 4.31 3.53 4.25 3.94 4.04
EN02 4.12 4.06 4.35 3.75 4.29 4.06 4.11
EN03 3.81 2.47 2.88 3.18 2.44 3.76 3.09
EN04 2.53 1.63 1.76 2.56 1.59 2.69 2.12

Pioneer EN01 3.72 4.19 4.28 3.88 4.33 4.38 4.12
EN02 3.94 3.13 4.00 3.36 3.81 3.90 3.59
EN03 3.10 2.69 2.72 3.56 2.18 3.69 2.85
EN04 2.44 1.74 2.75 2.38 2.38 2.85 2.38

Sony CFD- EN01 3.94 3.74 4.44 3.26 4.38 4.00 3.93
S47

EN02 2.95 3.69 3.58 3.63 3.37 4.44 3.58
EN03 3.13 1.89 3.19 2.89 2.56 3.37 2.83
EN04 2.05 1.63 1.47 2.75 1.42 2.50 1.94

Visteon ERF1 3.88 3.06 4.24 3.25 4.00 4.25 3.79
ERF3 1.19 1.47 1.44 1.82 1.31 1.47 1.45

Sony Auto ERF1 3.06 2.56 3.75 3.94 3.63 3.94 3.48
ERF3 1.81 1.56 2.19 2.06 1.75 2.19 1.93

Table 7: Performance ofLDR moe system subjected to the first adjacent channel
interference and fut rural fading

Mean Opinion Scores tScExceUent; 4aGood; 3=Fair; 2=Poor; 1=Bad)

Receiver Condition Classical Classical Classical Rock Rock Rock Total MOS
Instrumental Female Male Instrumental Female Male

IBOC AAA 4.05 4.11 3.75 3.58 4.33 3.79 3.94
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APPE:"IDIX F.I

Introduction

For the purpose ofcomparing disparate systems such as FM analog and digital IBOC it is

necessary to design a testing methodology that (a) captures the key differences and (b)

adequately reflects the listening experience of a population of listeners in the coverage area.

Ideally, such methodology would result in a simple metric that could be used to directly compare

the systems.

One such metric that can be used is signal quality distribution and aggregate quality

which integrates (or weights) signal quality depending on the percentage of the coverage area for

a given quality. This metric encompasses other measures ofquality, such as fidelity and

robustness, and is a good proxy of the aggregated listener experience. A fidelity measure is often

used to quantify signal quality in perfect channel conditions, which occurs in a relatively small

area of coverage in analog systems. In contrast, the quality distribution shows quality as a

function ofchannel conditions occurring in the entire area of coverage and therefore includes the

fidelity at some point. Similarly, robustness, which is a fairly vague term, may have different

connotations in different circumstances and is not easily comparable. However robustness can be

related to the quality distribution that is based on measured or theoretical signal conditions and

impairments.

Impairment conditions affect FM analog and IBOC systems in fundamentally different

way. Thus, in order to fairly and accurately compare analog and digital audio transmission

systems subjected to various impairments, it is necessary to use subjective tests that quantify

overall resulting audio quality.

ro Lucent Digital Radio, Inc. Page I



acceptability of digital radio to the general population. Thus we were interested to know
how the average person with no special training or prior experience in professional audio
would react to PAC. Additionally, a screening procedure was included to ensure that
listeners were sensitive to differences in the quality of Source, PAC, and FM sound-cuts.
In a separate test, participants listened to 18 sound-sample triads (CD Source/FMlPAC)
in which two trials contained the same sound sample three times (e.g., CD Source/CD
Source/CD Source). In order to pass the screening procedure and take part in the ACR
testing, participants had to reliably and consistently rate the CD Source sound samples as
the same or close to the same (4 or 5 out of a 5 point scale). Of 62 listeners who
participated the study, eight were removed for failing to identify the sound sources as the
same or "similar".

Table 2: Demographic Description

Male Female
18-30 3 5
30-40 11 11
40-50 8 9

4.3 Participant training

MPAC Laboratory participants were given some information about the nature of the
study (e.g., that they would be listening to sound samples and rating them), but were not
told specifically that they were listening to source material, PAC and FM transmissions.
Participants were presented with an example of an ACR trial. Moulton Laboratories
participants were told that they were listening to a range of such signals, but with no
discussion of the sonic or technical nature or behavior of those signals. Samples were
either played over HD-600 headphones (MPAC Laboratory) or Sony MDR 7506
headphones (Moulton Laboratory). MPAC subjects were shown how to register their
answers via a PC. Moulton Laboratory subjects were shown how to register their
answers on answer-sheets.

4.4 Testing Procedure

Following training, participants proceeded to take the test. Participants listened to 32
sound-samples: 8 FM, 8 PAC, 8 CD Source and 8 CD Source mixed with noise (referred
to as "Source+Noise"). Again, the presentation of samples was randomly determined.
For a single trial, participants heard a single sound sample and rated it on the lTU-R
recommended 5-point "Quality" Mean Opinion Score (MaS) scale (5 =Excellent; 4 =
Good; 3 = Fair; 2 = Poor; 1 =Bad).
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Figure 2 shows participants' responses by sound cuts. Notice that in the case of Classical
Female, PAC was rated significantly higher than FM. In all other cases, although not
statistically different, PAC was rated either equal to or slightly better than FM sound
samples.

Figure 2: Participants' ACR Responses
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This report describes procedures and results from a subjective study conducted by Lucent's
Multimedia Perception Assessment Center for Lucent Digital Radio. End-user testing was
conducted between January 19thth and January 21 stth, 2000. This study was designed to
solicit Mean Opinion Scores (MaS) from the general public concerning analog FM
transmission under both static and dynamic multipath impaired conditions.

Six FM receivers were included in this study. Two were automobile radios: the Ford Visteon
XWIF-18C870 and the Sony XR-2390 receivers. Three were home receivers: (a) Pioneer
SX-205; (b) Sony CFD-S47; and (c) Denon TU-1500RD. All receivers were selected to
represent a broad range of receivers currently available in the commercial market.

Ninety-six participated in this study. Participants were evenly divided by gender and varied
in age, but were all under the age of 50. Participants were chosen from the general public.
Listening was conducted in sound rooms that were configured to acoustically simulate
extremely quiet environments (28-35 dBA).

All recordings were supplied by Lucent Digital Radio. CD source material was selected to be
representative of typical broadcast material, including both female and male voices and
complex instrumental samples (see Appendix B - Selection of Processing of Audio Samples
for FM analog and FM-ffiOC subjective testing). Female and male speech samples were also
included. Table 1 lists the RF channel conditions used in this experiment.



Table I: Summary of conditions for FM Impairment Test

Average Signal Strengtb (dBm) Static Multipatb
Condition Condition*

-72.0 ANOI ARFI
-62.0 AN02 ARF2
-54.5 AN03 ARF3
-47.0 AN04 ARF4
-42.0 AN05 ARF5

-32.0 AN06 ARF6
-9.0 DIU eNOl CRFI
-1.5 DIU CN02 CRF2
6.0 DIU CN03 CRF3
18.5 DIU CN04 CRF4
31.0 DIU CN05 CRF5

Output SNR (AWOP)(dB)
55dB ENOl ERFI
45 dB EN02
35 dB EN03 ERFJ
25 dB EN04

* Rural Fast Rayleigb, 13.1 Hz Doppler



Testing of receivers was conducted in round-robin fashion. Because listeners' scores are
typically influenced by all of the sound samples presented in a listening session, it was
important to pair each radio with at least 2 other radios to minimize the risk of obtaining
inflated or deflated scores for a particular radio. Participants were divided into 6 groups, with
each group listening to sound samples received by two radios. Each radio was presented to
two groups. Therefore, 32 participants rated sound-cuts received by each radio. For example,
Group 1 participants listened to sound samples received by the Visteon and the Denon and
Group 2 participants listened to samples received by the Sony XR-2390 and the Denon. Thus,
by combining Group 1 and Group 2's listening experience, a total of 32 participants listened
to samples received by the Denon. Table 2 lists Receivers and Participant Groups.

Table 2: Test Plan

Participant
Group

Group 1 (n = 16)
Group 2 (n = 16)
Group 3 (n = 16)
Group 4 (n = 16)
Group 5 (n = 16)
Group 6 (n = 16)

Visteon
XWIF
18C870

:l

:l

Sony XR
2390

:l

:l

Pioneer
SX-205

:l

x

Denon
TU

1500RD
:l

x

Panasonic
RF-FX430

x
x

Sony
CFD-S47

x
x

.....__....._ ...,------------,---_.



Participants were told that they would be listening to sound samples and rating them for
overall quality. Samples were played over Sennheiser HD-600 headphones. Before testing,
participants were given information about the kinds of impairments they would hear during
the test. They listened to three practice samples (a clean audio recording, a moderately
impaired audio recording and a highly impaired audio recording) and were shown how to use
the data collection software to register their responses. Participants were encouraged to
concentrate on the "quality of the transmission" when rating each sound sample, and were
discouraged from rating samples based on whether they "liked" the particular genre of music.

Presentation of samples was randomly determined. For a single trial, participants heard a
single sound sample and rated it on the lTU-R recommended 5-point "Quality" Mean Opinion
Score (MOS) scale (5 =Excellent; 4 = Good; 3 = Fair; 2 = Poor; 1 = Bad).



Figure 1 shows MOS as a function of signal levels in static conditions. For all receivers,
MOS scores remain consistent between conditions AN06 and AN03. Participants' ratings
begin to drop in the AN02 condition, and are substantially degraded by the ANOI condition.
Table 3 shows Mean Opinion Scores of static conditions, divided by sound sample.
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AN06 AN05 AN04 AN03 AN02 AN01

. Denon 4.3 4.26 4.27 4.17 4.19 3.26

Panasonic 3.99 4.09 4.12 4.16 3.55 2.25

-'-Pioneer 4.05 4.09 4.17 4.05 3.92 3.33

SonY Home 3.94 4.03 4.07 3.9 3.71 2.97

Figure 1: ACR Mean Opinion Scores VI. Average RF Signal Level in Static Conditions
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Table 3: ACR Mean Opinion Scores of static conditions by sound sample

Mean Opinion Scores I5=Excellent; 4=Good; 3=Fair; 2=Poor; 1=Bad)
Receiver Condition Classical Classical Classical Rock Rock Rock Total MOS

Instrumental Female Male Instrumental Female Male
Denon AN06 4.31 4.63 4.44 3.5 4.5 4.44 4.30

AN05 4.31 4.35 4.38 3.69 4.29 4.50 4.19
AN04 4.31 4.25 4.10 4.06 4.38 4.44 4.17
AN03 4.19 4.19 4.50 3.38 4.06 4.69 4.27
AN02 4.19 4.25 4.56 3.69 4.00 4.44 4.26
AN01 3.13 2.56 3.63 3.13 2.94 4.19 3.30

Panasonic AN06 4.06 4.18 4.25 3.12 4.44 3.94 3.99
AN05 3.94 4.63 3.94 3.31 4.29 4.44 4.09
AN04 3.94 4.24 4.63 3.59 4.56 3.82 4.12
AN03 4.06 4.63 3.94 3.69 4.35 4.31 4.16
AN02 3.69 3.76 3.94 2.94 3.44 3.53 3.55
AN01 2.47 1.81 2.24 2.25 2.12 2.63 2.25

Pioneer AN06 3.95 4.38 4.18 3.44 4.36 3.88 4.08
AN05 4.06 4.03 4.50 3.36 4.56 4.13 3.99
AN04 3.79 4.56 4.23 3.81 4.10 4.56 4.12
AN03 4.13 3.97 4.44 3.49 4.31 4.03 3.96
AN02 3.54 4.31 4.18 3.81 3.38 4.44 3.84
AN01 3.56 2.23 3.75 3.38 3.00 4.03 3.28

Sony CFD- AN06 4.00 3.58 4.69 3.16 4.31 4.11 3.94
S47

AN05 3.63 4.44 4.16 3.56 4.11 4.31 4.03
AN04 4.00 4.16 4.25 3.47 4.50 4.11 4.07
AN03 3.58 4.38 3.84 3.38 4.00 4.25 3.90
AN02 3.81 3.58 3.88 3.16 3.94 4.00 3.71
AN01 3.26 2.25 3.00 3.38 2.37 3.63 2.97



Figure 2 shows MOS as a function of signal level in rural fast Rayleigh multipath. Receivers
tested in these conditions were the Sony XR-3490 and the Visteon XWIF-18C870. Again,
there is a marked drop in MOS scores between ARF6 and ARFI, especially for Sony. Table 3
shows Mean Opinion Scores of multipath conditions, divided by sound sample.

Figure 2: ACR Mean Opinion Scores vs. Average RF Signal Level in Rural Fast Rayleigh
Multipatb
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Table 3: ACR Mean Opinion Scores of Rural Fast Rayleigh Multipath conditions by sound
sample

Mean Opinion Scores 5=Excellent; 4=Good; 3=Fair; 2=Poor; 1=Bad)
Receiver Condition Classical Classical Classical Rock Rock Rock Total MOS

Instrumental Female Male Instrumental Female Male
Sony XR· ARF6 2.44 2.41 2.88 2.94 2.19 3.38 2.70
2390

ARF5 3.19 2.38 3.00 3.75 3.25 3.88 3.24
ARF4 3.06 2.69 3.44 3.69 3.50 4.13 3.42
ARF3 3.19 2.88 4.00 4.00 3.56 4.56 3.70
ARF2 3.31 3.00 3.81 3.56 3.63 4.19 3.58
ARF1 3.25 2.88 3.69 3.81 3.94 4.25 3.64

Visteon XWIF· ARF6 3.13 2.59 3.88 3.18 3.88 3.47 3.35
18C870

ARF5 3.47 3.19 4.18 3.19 4.29 4.25 3.77
ARF4 3.50 3.24 2.75 3.71 3.94 4.12 3.55
ARF3 4.18 2.94 4.35 3.25 4.35 4.50 3.94
ARF2 3.44 2.94 4.00 3.41 4.06 3.88 3.62
ARF1 3.88 2.94 4.41 3.19 4.12 4.63 3.87



Tables 4 and 5 show participants' ratings ofFM sound samples with 1st adjacent channel
interference. Notice that Table 4 does not include multipath interference, whereas Table 5
does. In Table 4, the 4 home receivers are listed; in Table 5 the 2 auto receivers are listed.
Total mean opinion scores are listed in the far-right column.

Table 4: ACR Mean Opinion Scores of conditions with lilt adjacent channel interference

Mean Opinion Scores (&-Excellent; 4=Good; 3=Fair; 2=lPoor; 1=Bad)
Receiver Condition Classical Classical Classical Rock Rock Rock Total MOS

Instrumental Female Male Instrumental Female Male
Denon CN05 4.38 4.31 4.44 3.81 4.25 4.75 4.32

CN04 3.81 4.38 4.19 3.75 4.06 4.44 4.10
CN03 3.69 3.88 3.75 3.50 3.44 4.06 3.72
CN02 3.25 3.31 4.13 3.06 3.94 3.81 3.58
CN01 1.88 1.50 1.88 2.00 1.69 1.44 1.73

Panasonic CN05 4.06 4.69 4.06 3.44 4.12 4.19 4.08
CN04 4.19 4.29 4.63 3.24 4.56 4.00 4.14
CN03 3.76 4.38 4.06 3.44 4.18 4.25 4.01
CN02 3.69 3.53 4.00 3.12 3.19 3.76 3.55
CN01 3.41 2.13 3.18 2.94 2.47 3.44 2.93

Pioneer CN05 4.38 4.00 4.63 3.08 4.63 4.26 4.00
CN04 3.74 3.94 3.97 3.69 3.95 4.13 3.90
CN03 3.63 2.05 3.88 3.15 2.81 3.90 3.15
CN02 2.46 1.75 1.97 3.19 1.51 3.38 2.21
CN01 1.75 1.36 1.81 2.67 1.31 1.85 1.8El

Sony CFD- CN05 3.68 4.38 4.26 3.69 4.26 4.13 4.07
S47

CN04 3.75 2.68 4.31 3.05 3.75 3.84 3.53
CN03 2.42 2.06 2.21 3.31 1.95 3.75 2.5S
CN02 2.56 1.63 2.13 2.74 1.81 2.32 2.20
CN01 1.11 1.06 1.05 1.44 1.11 1.13 1.101



Table 5: ACR Mean Opinion Scores of Rural Fast Rayleigb Multipatb conditions witb
lit adjacent cbannel interference

M.an Opinion Scores 5=Excellent; 4=Good; 3=Fair; 2=Poor; 1=Bad)
Receiver Condition Classical Classical Classical Rock Rock Rock Total MOS

Instrumental Female Male Instrumental Female Male

Sony XR- CRF5 3.44 3.00 4.31 3.31 3.56 4.19 3.64
2390

CRF4 2.88 3.00 3.50 3.44 3.56 4.06 3.41
CRF3 2.94 2.44 4.06 3.38 3.56 3.56 3.32
CRF2 2.75 2.06 3.19 3.81 2.94 3.69 3.07
CRF1 2.38 1.94 2.31 3.00 2.13 3.13 2.48

Visteon XWIF- CRF5 3.50 3.35 4.25 3.65 2.88 4.00 3.80
18C870

CRF4 3.71 3.19 4.59 3.44 4.00 4.44 3.9«3
CRF3 3.75 3.24 4.25 3.35 3.81 4.00 3.73
CRF2 3.65 2.63 4.12 3.13 4.35 4.19 3.63
CRF1 3.06 2.82 3.75 3.24 4.06 4.12 3.31



Table 6 shows MOS in signal to noise conditions, divided by individual sound-samples.
Again, total mean opinion scores are listed in the far-right column.

Table 6: ACR Mean Opinion Scores vs. SNR

Mean Opinion Scores 5=Excellent; 4=Good; 3=Fair; 2-Poor; i=Bad)
Receiver Condition Classical 'Classical Classical Rock Rock Rock Total MOS

Instrumental Female Male Instrumental Female Male
Denon EN01 4.25 4.38 4.38 3.63 4.25 4.50 4.23

EN02 3.50 3.00 3.25 3.38 3.38 3.94 3.41
EN03 2.50 2.19 2.19 2.75 2.13 2.81 2.43
EN04 2.19 1.44 2.44 2.50 2.56 2.38 2.25

Panasonic EN01 4.19 4.06 4.31 3.53 4.25 3.94 4.04
EN02 4.12 4.06 4.35 3.75 4.29 4.06 4.11
EN03 3.81 2.47 2.88 3.18 2.44 3.76 3.09
EN04 2.53 1.63 1.76 2.56 1.59 2.69 2.12

Pioneer EN01 3.72 4.19 4.28 3.88 4.33 4.38 4.12
EN02 3.94 3.13 4.00 3.36 3.81 3.90 3.59
EN03 3.10 2.69 2.72 3.56 2.18 3.69 2.85
EN04 2.44 1.74 2.75 2.38 2.38 2.85 2.38

Sony CFD- EN01 3.94 3.74 4.44 3.26 4.38 4.00 3.93
S47

EN02 2.95 3.69 3.58 3.63 3.37 4.44 3.58
EN03 3.13 1.89 3.19 2.89 2.56 3.37 2.83
EN04 2.05 1.63 1.47 2.75 1.42 2.50 1.94

Visteon ERF1 3.88 3.06 4.24 3.25 4.00 4.25 3.79
ERF3 1.19 1.47 1.44 1.82 1.31 1.47 1.45

Sony Auto ERF1 3.06 2.56 3.75 3.94 3.63 3.94 3.48
ERF3 1.81 1.56 2.19 2.06 1.75 2.19 1.93

Table 7: Performance of LDR moc system subjected to the tint adjacent channel
interference and fast rural fading

Mean Opinion Scores II-Excellent; 4aGood; 3=Fair; 2=Poor; i=Bad)

Receiver Condition Classical Classical Classical Rock Rock Rock Total MOS
Instrumental Female Male Instrumental Female Male

IBOC AAA 4.05 4.11 3.75 3.58 4.33 3.79 3.94


